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DISTRIBUTED FEEDBACK (DFB) LASER
WITH SLAB WAVEGUIDE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application and the subject matter disclosed herein
claims the benefit of Provisional Application Ser. No. 61/863,
736 entitled “HIGH POWER DISTRIBUTED FEEDBACK
(DFB) LASER?” filed Aug. 8, 2013, which is herein incorpo-
rated by reference in its entirety.

FIELD

Disclosed embodiments relate to distributed feedback
lasers with step-index planar (slab) waveguides.

BACKGROUND

A distributed feedback (DFB) laser is a type of laser diode,
quantum cascade laser or optical fiber laser where the active
region of the device is periodically structured as a diffraction
grating. The diffraction grating acts as the wavelength selec-
tive element for at least one of the minors and provides the
feedback, reflecting light back into the cavity to form the
resonator. In the case of a semiconductor diode laser the
diffraction grating includes a grating layer having a periodic
refractive index which is different from the refractive index of
the adjacent layers. One type of DFB laser has a step-index
planar (slab) waveguide.

The DFB laser operates in a single mode emitting laser
light of a stable single wavelength and thus is widely used as
the light source in optical communication systems. The emis-
sion wavelength (A -z) of the DFB laser is determined by the
formula App5=2,,.,A, wherein A is the spatial period of the
diffraction grating and n,is the effective refractive index of
the waveguide of the laser device. Thus, A,z; can be deter-
mined independently of the peak wavelength of the optical
gain of the active layer. The DFB laser is categorized into two
types including a refractive-index coupling type and a gain-
coupling type based on the material of the diffraction grating.

Highpower C-band (1530 nmto 1565 nm) operating wave-
length range DFB laser chips are available with ex-facet
powers ~200 mW, slope efficiency ~0.2 W/A and optical far
field with a 2:1 vertical to horizontal aspect ratio. These
devices have relative intensity noise (RIN) values of ~-155
dB/Hz and native linewidths of ~500 kHz. While such DFB
laser chips are generally useful, performance improvements
are needed. Specifically, higher output power with better
slope efficiency is needed together with a far field along with
an aspectratio closerto 1:1 to allow better coupling efficiency
into circular waveguides such as optical fibers. Also, the RIN
and linewidth provided by conventional DFB lasers operated
athigher power can result in unacceptably high amplitude and
phase noise for some applications.

SUMMARY

This Summary is provided to introduce a brief selection of
disclosed concepts in a simplified form that are further
described below in the Detailed Description including the
drawings provided. This Summary is not intended to limit the
claimed subject matter’s scope.

Disclosed embodiments include distributed feedback
(DFB) laser chips formed on a substrate having a waveguide
structure including a waveguide layer in the n-doped cladding
layer that significantly reduces the mode intensity and thus
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the loss in the p-doped cladding layer and the active layer. A
diffraction grating (hereafter a “grating”) is in one of the
p-doped and n-doped cladding layers configured to select an
operating wavelength for the DFB laser. The waveguide layer
is of a first composition that is compositionally different from
the compound semiconductor material of the substrate, and
generally has an optical thickness 0 0.7 to 1.5 of the guided
wavelength. The waveguide structure can further include a
hetero-waveguide stack including a plurality of alternating
compositional layers beyond the waveguide layer each gen-
erally having a thickness between one quarter and one halfthe
guided wavelength alternating the compound semiconductor
material with a second higher refractive index (nf) composi-
tion that defines a periodic composition wavelength.

The DFB laser has mirrors that can include an anti-reflec-
tive (AR) minor on a first end of a length of the DFB laser and
a highly reflective (HR) minor opposite the AR minor on a
second side of the length. The grating in one embodiment can
comprise a partially corrugated (PC) grating including a PC
grating portion between a first non-corrugated portion and a
second non-corrugated portion. The PC grating portion is
spaced apart from the HR minor and AR mirror by the first
non-corrugated portion and second non-corrugated portion,
respectively. The AR mirror generally has a reflectivity of at
least 0.5%, with the reflectivity generally being between
0.5% and 5%.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference will now be made to the accompanying draw-
ings, which are not necessarily drawn to scale, wherein:

FIG. 1A is a cross sectional depiction of an example DFB
laser with slab waveguide having an example waveguide
structure in the n-doped cladding layer including least one
waveguide layer that is compositionally different from the
compound semiconductor material of the substrate, accord-
ing to an example embodiment.

FIG. 1B is a cross sectional depiction of an example DFB
laser with slab waveguide having an example waveguide
structure in the n-doped cladding layer including least one
waveguide layer that is compositionally different from the
compound semiconductor material of the substrate, where the
grating is in the n-doped cladding layer above the waveguide
structure, according to an example embodiment.

FIG. 2 is a diagram showing the refractive index, loss and
mode intensity as a function of transverse position with the
various layers of an example DFB laser with slab waveguide
identified, according to an example embodiment.

FIG. 3 is a perspective cross sectional view showing an
example DFB laser having a PC grating portion (PC-DFB
laser) in its p-doped semiconductor cladding layer, wherein
the PC grating portion is spaced apart from the HR minor and
AR mirror by respective non-corrugated (flat surface) por-
tions, according to an example embodiment.

FIG. 4A is a plot of production yield and output power
efficiency in watts (W)/amp (A) as a function of the grating
coupling constant to the active layer for the example DFB
laser with slab waveguide shown in FIG. 2.

FIG. 4B is a plot of production yield as a fraction and
efficiency in W/A vs. the distance from the PC grating portion
to the HR minor on the x-axis of a 500 pm long corrugated
portion for the PC-DFB laser shown in FIG. 3 having a 1,500
pum distance between the mirrors.

DETAILED DESCRIPTION

Example embodiments are described with reference to the
drawings, wherein like reference numerals are used to desig-
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nate similar or equivalent elements. [llustrated ordering of
acts or events should not be considered as limiting, as some
acts or events may occur in different order and/or concur-
rently with other acts or events. Furthermore, some illustrated
acts or events may not be required to implement a methodol-
ogy in accordance with this disclosure.

FIG. 1A is a cross sectional depiction of an example DFB
laser chip with slab waveguide (DFB laser) 100 built on a
crystalline substrate (substrate) 105 comprising a compound
semiconductor material, according to an example embodi-
ment. DFB laser 100 includes at least one quantum-well
(QW) active layer (active layer) 110 overlying the substrate
105, a p-doped cladding layer 106 comprising the compound
semiconductor material on one side of the active layer 110,
and an n-doped cladding layer 107 comprising the compound
semiconductor material on another side of the active layer
110.

A grating 115 is shown in the p-doped cladding layer 106
and is configured with a feature spacing to select an operating
wavelength to provide an essentially single longitudinal las-
ing mode for DFB laser 100, such as about 1.55 um in free-
space in one particular embodiment. However, the grating
115 may also be in the n-doped cladding layer 107. For
example, the grating 115 may generally be placed anywhere
in either cladding layer (n-doped cladding layer 107 or
p-doped cladding layer 106) in order to provide reasonable
manufacturing tolerances, typically in a cladding region
where the field intensity is around ¥4 (e.g., 20% to 45%) of
the peak field intensity. As shown in FIG. 2 the gating 115 is
within in the p-doped cladding layer 106 corresponding to
about Y4rd of the peak field intensity. In FIG. 1B described
below, grating 115 is instead within the n-doped cladding
layer 107.

A waveguide structure 108 in the n-doped cladding layer
107 includes at least a waveguide layer (see waveguide layer
108a in FIG. 2 described below) comprising a first composi-
tion that is compositionally different from the compound
semiconductor material. Waveguide layer 108 comprises a
higher nf material (such as InGaAsP) to waveguide relative to
the lower nf semiconductor material of the n-doped cladding
layer 107 and the substrate 105 (e.g., both InP). The
waveguide layer 108a generally has an optical thickness of
0.7 to 1.5 of the operating wavelength in the compound semi-
conductor material (the guided wavelength). For example,
when the compound semiconductor material is InP, and the
operating (free space) wavelength is 1.55 pm in TE mode,
where InP has a nf of about 3.1 at around 1 um, the guided
wavelength is about 1.55 pm/3.1=0.5 pm.

DFB laser 100 can have a total length (L) defined by the
distance between the AR minor 130 and the HR mirror 135
where the device has both its grating 115 and the active layer
110 extending the full distance (L) as shown in FIG. 1A to be
500 um or more, such as up to 1,500 um. This relatively long
L is facilitated by the low waveguide loss described below
provided by disclosed waveguide structures, such as
waveguide structure 108. PC-DFB laser 300 having a PC
grating 115' described below relative to FI1G. 3 in contrast has
an L that is less than the distance between AR mirror 130 and
the HR minor 135 because it is instead defined by the length
of only the corrugated portion 115a of the grating 115'.

AR mirror 130 and HR minor 135 are internal minors
(integrally formed on the DFB laser 100) that can comprise
distributed Bragg reflectors that provide a periodic variation
in the effective refractive index by including multiple dielec-
tric layers covering the cleaved end crystalline facets of the
laser. As shown in FIGS. 1A and FIG. 1B (described below),
AR minor 130 and HR mirror 135 both cover the cleaved end
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crystalline facets of the p-doped cladding layer 106, active
layer 110, n-doped cladding layer 107 and the waveguide
structure 108.

The DFB laser 100 includes a QW active layer structure
(active layer) 110 including at least one QW layer overlying
the compound semiconductor substrate 105 between the
p-doped cladding layer 106 and the n-doped cladding layer
107. As noted above, the p-doped cladding layer 106 and
n-doped cladding layer 107 both can comprise the same com-
pound semiconductor material as the substrate 105.

The grating 115 is shown extending over the entire L. of the
DFB laser 100 so that the distance from the respective inner
edges of the grating 115 to HR mirror 135 and AR minor 130
is zero. As known in the art, the grating 115 can be formed by
etching a grating pattern using known DFB laser fabrication
techniques. DFB laser 100 is shown including electrodes 127
and 128, typically being metals for low resistance contacts,
for applying an electrical drive signal across the DFB laser
100.

FIG. 1B is a cross sectional depiction of an example DFB
laser 150 with slab waveguide having an example waveguide
structure in the n-doped cladding layer 107 including least
one waveguide layer that is compositionally different from
the compound semiconductor material of the substrate 105,
where the grating 115 is in the n-doped cladding layer 107,
according to an example embodiment. As described above,
the grating 115 can be placed in a region where the field
intensity is around ¥ (e.g., 20% to 45%) of the peak field
intensity.

FIG. 2 is a diagram 250 showing the simulated nf, loss and
mode intensity (electric field) as a function of transverse
position with various layers for a DFB laser with slab
waveguide shown as 200 identified, along with details for an
example waveguide structure. The dimensions shown are
scaled for an emission wavelength of about 1.55 pm. The field
intensity shown is the intensity of the guided mode (in arbi-
trary units).

The example waveguide structure shown in FIG. 2 includes
both a waveguide layer 108a and a hetero-waveguide stack
1085 comprising a plurality of alternating compositional lay-
ers beyond the waveguide layer 108a each generally having a
thickness between one quarter and one half the guided wave-
length. The spacing range between the edge of waveguide
layer 108a and the edge of the active layer 110 is typically
from zero to 0.5 optical wavelengths.

The hetero-waveguide stack 1085 is shown alternating lay-
ers of the compound semiconductor material of the substrate
105 (e.g., InP) with a second composition that is composi-
tionally different (and has a higher nf, e.g., InGaAsP) from
the compound semiconductor material which defines a com-
position wavelength. An optical thickness of the composition
wavelength is generally from 0.5 to 1.0 of the guided wave-
length. For disclosed DFB lasers, the waveguide structure
108 can include both the waveguide layer 1084 and the het-
ero-waveguide stack 1085 as shown in FIG. 2, or only one of
these.

Waveguide layer 108a and hetero-waveguide stack 1085
can be seen to offset a large part of the electric field into the
n-doped cladding layer 107 which reduces loss as p-doped
cladding layer 106 is recognized to be significantly lossier as
due to higher optical absorption, it also has a higher electrical
resistance. This low loss slab waveguide feature enables a
longer disclosed DFB laser and therefore higher output DFB
laser chip while still having a low threshold.

The intensity in the lossier p-doped cladding layer 106 is
shown in FIG. 2 to be reduced significantly. While the DFB
laser 200 design shown has a 2 um thick p-doped cladding
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layer 106, the p-doped cladding layer 106 thickness can be
reduced, such as to 1.5 pm or 1 pm resulting in losses of 3.2
and 3.5 per cm and far field of 26.8 and 27.4 degrees, respec-
tively. This arrangement will also reduce series resistance
considerably, but may depend on ridge overgrowth technol-
ogy for implementation. The thickness of the waveguide layer
108a may also be varied as disclosed above. The QW con-
finement factor was found to be reduced from 0.5% to 0.3%
such that the threshold QW gain remains roughly the same
due to the longer laser length (1,500 pm) having lower losses.

The waveguide structure 108 and other layers of disclosed
DFB lasers can be created by known epitaxial growth (e.g.,
Molecular Beam Epitaxy (MBE)) utilizing modified layer
compositions so that the refractive index in wave-guiding
portions of the n-doped cladding layer 107 being the
waveguide layer 1084 and the high index layers of the hetero-
waveguide stack 1085 are higher than their adjacent layers,
such as 3.23 for InGaAsP vs. 3.18 InP. The refractive index
difference and layer thicknesses can be selected in order to
create a waveguide supporting a single fundamental spatial
mode. From simulations performed the transverse far field for
DFB laser 200 is about 26 degrees. The intensity in the
p-doped cladding layer 106 and the active layer 110 has been
found to be reduced significantly resulting in 6/cm overall
internal loss, of which 3/cm is in the waveguide structure (See
FIGS. 4A and 4B described below).

The material compositions of the waveguide layer 108«
and hetero-waveguide stack 1086 are realizable for thick
layer epitaxial growth with good composition control. For
example, for InP-based laser devices, this may be reactor
dependent, since for example using small fractions of Asin a
reactor growing InP based materials may be challenging to
make a material with a bandgap close to InP lattice matched
InGaAsP material with a growth process where small frac-
tions of Ga and As are added to slightly change the bandgap
and refractive.

FIG. 3 is a perspective cross sectional view showing an
example PC-DFB laser chip (PC-DFB laser) 300 having a PC
grating 115' including a PC grating portion 1154 in its
p-doped semiconductor cladding layer 106 spaced apart from
the HR minor 135 and AR mirror 130 by first and second
non-corrugated (flat surface) portions 1155, 115¢, according
to an example embodiment. The sinusoidal shape of the PC
grating portion 115a shown is arbitrary. The first non-corru-
gated portion 1155 is generally at least 100 um from the HR
minor 135. The n-doped cladding layer 107 is shown includ-
ing a disclosed waveguide structure 108. The PC-DFB laser
300 has an L shown that is less than the distance between AR
minor 130 and the HR minor 135 (and length of the active
layer 110) because it is instead defined by the length of'the PC
grating portion 1154 as the length of the PC grating portion
115a is less than the length of the active layer 110.

As shown in FIG. 3, the second non-corrugated portion
115¢ can have a length greater than the length of the first
non-corrugated portion 1155 The reflectivity of the AR
minor 130 is generally between 0.5% and 5%, such as 0.5 to
3% while the reflectivity of the HR minor 135 is generally
=280%. In a conventional Master Oscillator Power Amplifier
(MOPA) design the front mirror reflectivity would be essen-
tially 0% (e.g., <0.1% reflectivity) and thus the grating forms
a laser with the rear minor and the section in front of the laser
functions solely as an optical amplifier due to the 0% front
mirror reflectivity since there is no reflection or interaction
back into the laser cavity. This is recognized to lead to a
degradation in noise performance due to the optical amplifier
section of the MOPA.

10

15

20

25

30

35

40

45

50

55

60

65

6

PC-DFB laser 300 in contrast uses an AR minor 130 reflec-
tivity of at least 0.5% (generally between 0.5% and 5%),
which has been found when used in a disclosed PC-DFB laser
design allows the entire device to act as one laser with good
stability, low noise performance and high yield. Disclosed
DFB lasers thus generally do not use a conventional essen-
tially perfect (e.g., <0.1% reflectivity) AR mirror 130, which
has been found to help ensure that the phase noise and RIN of
the DFB laser remains low.

There is a significant synergy discovered between dis-
closed DFB lasers having slab waveguides and PC gratings
when the AR minor 130 reflectivity is least 0.5% (as noted
above generally being between 0.5% and 5%), which has
been found to enable disclosed DFB laser performance to
combine performance features from both DFB lasers and
MOPAs in a single device. The slab waveguide DFB laser
design as described above provides a low loss laser cavity,
thus making long devices possible without significant degra-
dation of the output slope efficiency (W/A). When disclosed
DFB laser devices are long a high operating current can be
utilized since that current is divided over a long laser device
length, so that high current is recognized to be possible with-
out having an excessive current density in the device. Adding
a disclosed PC grating with an AR mirror 130 reflectivity of
least 0.5% provides a DFB section and gain sections in com-
bination the with slab waveguide provides MOPA-like output
power capability, with the efficiency, low RIN and low lin-
ewidth of lower power DFB lasers.

EXAMPLES

Disclosed embodiments are further illustrated by the fol-
lowing specific Examples, which should not be construed as
limiting the scope or content of this Disclosure in any way.

FIG. 4A is a plot of production yield as a fraction and
output power efficiency in W/A as a function of grating cou-
pling constant (kL) to the active layer 110 for the DFB laser
200 shown in FIG. 2. The grating 115 for DFB laser 200 was
uniform and was along the entire [ of the DFB laser. A yield
0170% at a minor efficiency of 0.3 W/A (W/A rear curve) was
obtained. At equivalent current density the expected output
power is up to 50% more than the output power obtained with
similar simulations for a 1,000 um (1 mm) long 4 QW DFB
laser per a conventional reference design having the same
structure including the same grating 115 in the p-cladding
106 and active layer 110 that only lacked a disclosed
waveguide structure 108.

Regarding PC grating embodiments, such as PC-DFB laser
300 shown in FIG. 3, for technological and cost (write-time)
reasons an E-beam written grating portion should generally
be limited to 500 um in length per laser. A longer grating if
desired can be created using holographic processes. Inayield
analysis it was found that placing a 500 um PC grating portion
115a at the AR mirror 130 of a 1,500 um mirror-to-minor
DFB laser results in zero single mode yield. It was also found
that placing the PC grating portion 115¢ at the rear mirror
(HR mirror 135) results in poor yield. However, it was dis-
covered having non-corrugated (flat surface) Fabry-Perot
(FP) gain sections in front and behind the PC grating portion
115a in a proper length range (see FIG. 4B and related dis-
closure below) results in good performance. So unlike con-
ventional PC-DFB lasers which have their grating portion at
one minor and one FP section, it was found that using two FP
sections in the proper length range sandwiching the PC grat-
ing portion 115a provides better performance.

FIG. 4B is a plot of production yield as fraction and effi-
ciency in W/A vs. the distance from the PC grating portion
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115a to the HR mirror 135 on the x-axis of a 500 um PC
grating portion 1154 in the PC-DFB laser 300 shown in FIG.
3 having a 1,500 um distance between the respective mirrors.
The AR reflectivity was 0.5 to 1%. The yield (dashed line,
markers) peaks at a distance of 300 um between HR (front)
minor and PC grating portion 115a, the efficiency (solid line)
is significantly improved beyond that of a conventional PC-
DFB laser. For a conventional PC-DFB laser the PC grating
has x=0 (thus extending to the HR minor), while FIG. 4B
evidences the PC grating portion 1154 for x>100 pm (thus
offset from the HR minor 135) provides improved perfor-
mance. Intesting a RIN better than —155 dB/Hz and linewidth
less than 500 kHz was also found.

It is thus found to be beneficial to use a PC grating portion
115a in the laser that is separated both from the HR mirror
135 and the AR minor 130. The separation from the HR minor
135 in some embodiments is greater than 100 um (a FP
length) that is less than 400 um shown in FIG. 3. The sepa-
ration of the PC grating portion 115a from the AR mirror 130
being greater than the separation of the PC grating portion
115a from the HR mirror 135 can provide improved results.
However, in other embodiments, the separation of the PC
grating portion 115a from the AR mirror 130 can also be less
than the separation of the PC grating portion 115a from the
HR mirror 135. As noted above, the reflectivity AR minor 130
is generally at least 0.5%, such as between 0.5 and 5%.

Those skilled in the art to which this disclosure relates will
appreciate that many other embodiments and variations of
embodiments are possible within the scope of the claimed
invention, and further additions, deletions, substitutions and
modifications may be made to the described embodiments
without departing from the scope of this disclosure.

The invention claimed is:

1. A distributed feedback (DFB) laser, comprising:

a substrate comprising a compound semiconductor mate-

rial;

at least one quantum-well (QW) active layer (active layer)
overlying said substrate;

ap-doped cladding layer comprising said compound semi-
conductor material on one side of said active layer;

an n-doped cladding layer comprising said compound
semiconductor material on another side of said active
layer;

a diffraction grating in said p-doped cladding layer or in
said n-doped cladding layer configured to select an oper-
ating wavelength for said DFB laser, and

a waveguide structure in said n-doped cladding layer
including a waveguide layer comprising a first compo-
sition that is compositionally different from said com-
pound semiconductor material, said waveguide layer
having an optical thickness 0f0.7 to 1.5 of said operating
wavelength in said compound semiconductor material
(guided wavelength).

2. The DFB laser of claim 1, wherein said compound
semiconductor material comprises indium phosphide (InP),
gallium arsenide (GaAs) or gallium nitride (GaN).

3. The DFB laser of claim 1, wherein a closest edge of said
waveguide layer is from zero to 0.5 of said guided wavelength
from said active layer.

4. The DFB laser of claim 1, wherein said waveguide
structure further comprises a hetero-waveguide stack includ-
ing a plurality of alternating compositional layers beyond
said waveguide layer each having a thickness between one
quarter and one half said guided wavelength alternating said
compound semiconductor material with a second composi-
tion that is compositionally different from said compound
semiconductor material defining a composition wavelength.
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5. The DFB laser of claim 4, wherein said second compo-
sition and said first composition comprise a same material.

6. The DFB laser of claim 4, wherein an optical thickness
of said composition wavelength is from 0.5 to 1.0 of said
guided wavelength.

7. The DFB laser of claim 1, wherein said compound
semiconductor material is InP and wherein said first compo-
sition comprises Indium Gallium Arsenide Phosphide (In-
GaAsP).

8. The DFB laser of claim 1, wherein said at least one QW
active layer comprises a plurality of said active layers.

9. The DFB laser of claim 1,

wherein said grating comprises partially corrugated PC
grating including a PC grating portion between a first
non-corrugated portion and a second non-corrugated
portion, and

further comprising an anti-reflective (AR) mirror on a first
end of a length of said DFB laser and a highly reflective
(HR) mirror opposite said AR mirror on a second side of
said length;

wherein said PC grating portion is spaced apart from said
HR mirror and said AR minor by said first non-corru-
gated portion and said second non-corrugated portion,
respectively.

10. The DFB laser of claim 9, wherein a length of said first
non-corrugated portion is at least 100 um from said HR
minor.

11. The DFB laser of claim 9, wherein said second non-
corrugated portion has a length greater than said length of said
first non-corrugated portion.

12. The DFB laser of claim 9, wherein a reflectivity of said
AR minor is between 0.5% and 5%.

13. The DFB laser of claim 9, wherein a reflectivity of said
HR minor is =80%.

14. A distributed feedback (DFB) laser, comprising:

a substrate comprising a compound semiconductor mate-

rial;

at least one quantum-well (QW) active layer (active layer)
overlying said substrate;

ap-doped cladding layer comprising said compound semi-
conductor material on one side of said active layer;

an n-doped cladding layer comprising said compound
semiconductor material on another side of said active
layer;

a diffraction grating in said p-doped cladding layer or in
said n-doped cladding layer configured to select an oper-
ating wavelength for said DFB laser, said grating com-
prising partially corrugated (PC) grating including a PC
grating portion between first non-corrugated portion and
a second non-corrugated portions, and

a waveguide structure in said n-doped cladding layer
including a waveguide layer comprising a first compo-
sition that is compositionally different from said com-
pound semiconductor material, said waveguide layer
having an optical thickness 0f0.7 to 1.5 of said operating
wavelength in said compound semiconductor material
(guided wavelength),

said waveguide structure further comprises a hetero-
waveguide stack including a plurality of alternating
compositional layers beyond said waveguide layer each
having a thickness between one quarter and one half'said
guided wavelength alternating said compound semicon-
ductor material with a second composition that is com-
positionally different from said compound semiconduc-
tor material defining a composition wavelength, and

an anti-reflective (AR) mirror on a first end of a length of
said DFB laser having a reflectivity between 0.5% and
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5%, and a highly reflective (HR) mirror opposite said AR
mirror on a second side of said length,

wherein said PC grating portion is spaced apart from said

HR mirror and said AR mirror by said first non-corru-
gated portion and said second non-corrugated portion,
respectively.

15. The DFB laser of claim 14, wherein said second com-
position and said first composition comprise a same material.

16. The DFB laser of claim 14, wherein an optical thick-
ness of said composition wavelength is from 0.5 to 1.0 of said
guided wavelength.

17. The DFB laser of claim 14, wherein said compound
semiconductor material is InP and wherein said first compo-
sition comprises Indium Gallium Arsenide Phosphide (In-
GaAsP).

18. The DFB laser of claim 14, wherein a length of said first
non-corrugated portion is at least 100 um from said HR
minor.

19. The DFB laser of claim 14, wherein said second non-
corrugated portion has a length greater than said length of'said
first non-corrugated portion.

20.The DFB laser of claim 14, wherein a reflectivity of said
HR mirror is =80%.
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